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The association of visual symptoms with
extracranial carotid artery disease is clinically well
established, and amaurosis fugax (transient monocu-
lar blindness) is generally regarded as a retinal tran-
sient ischemic attack (TIA). Fisher1 observed that
transient monocular blindness often heralded an
ipsilateral stroke, and the direct, fundoscopic visual-
ization of cholesterol emboli (Hollenhorst plaques)
or fibrin-platelet aggregates (Fisher plugs) in the
retinal circulation was the first objective evidence
that TIAs and strokes could be caused by emboliza-
tion from carotid plaque.2,3 However, not all tran-
sient visual symptoms are caused by embolization
and few patients with amaurosis fugax are found to
have undergone definitive fundoscopic examina-
tions. Overall, carotid atherosclerosis is found to be
the cause of amaurosis fugax in less than one half of
the cases.4 Chronic ocular ischemia5 may be caused
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Purpose: The purpose of this study was to assess the effect of carotid endarterectomy
(CEA) on ocular perfusion with the measurement of the ophthalmic artery (OA) and the
central retinal artery (CRA) flow velocities with color-flow ocular duplex scanning
(ODS). Ocular hemodynamics also were examined in a subset of patients with visual
symptoms in an attempt to characterize the origin of the ocular symptoms and their
response to surgery.
Methods: Twenty-five patients with internal carotid artery stenoses (‡ 70%) underwent 29
CEAs. All the patients underwent ODS for the measurement of the peak systolic veloc-
ity (PSV) in the OA and the CRA of the ipsilateral eye before and after CEA. The pre-
operative and postoperative flow velocities were compared in all the patients and in the
patients with and without visual symptoms.
Results: The preoperative PSV in the OA was 21.6 ± 2.2 cm/s and in the CRA was 7.7
± 0.7 cm/s. These values were reduced as compared with normative values (OA, 37.8
cm/s; CRA, 10.7 cm/s). After CEA, the PSV increased significantly in both vessels
(postoperative OA, 38.6 ± 2.5 cm/s, P < .0001; postoperative CRA, 12.1 ± 0.9 cm/s,
P = .0008). Fifteen of the 29 CEAs were performed for visual symptoms. The patients
with ocular symptoms had significantly lower preoperative PSVs in the CRA as com-
pared with those patients without visual symptoms (CRA with ocular symptoms, 6.5 ±
0.8 cm/s; CRA with no ocular symptoms, 9.4 ± 0.9 cm/s; P = .02). The PSV in the OA
was not significantly lower in the patients with ocular symptoms. Eight patients (28%)
were found to have reversed OA flow before surgery, but only three patients had ocular
symptoms. All eight patients had normal antegrade flow in the OA after surgery.
Conclusion: Severe carotid stenosis may be associated with reduced ocular perfusion,
which can be quantitatively evaluated with ODS. Reduced OA and CRA flow velocities
are corrected with successful CEA. The patients with ocular symptoms were observed to
have significant reductions in CRA flow velocities. Reversed flow in the OA was not a
marker for ocular symptoms in this study. ODS can identify global ocular ischemia and
may be helpful in the evaluation of patients with atypical visual symptoms or with amau-
rosis fugax and no evidence of retinal emboli. (J Vasc Surg 1999;29:665-71.)
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by hypoperfusion of the eye and may produce visual
symptoms that are clinically indistinguishable from
classic amaurosis fugax, and severe occlusive lesions
of the carotid arteries may, in fact, produce ocular
hypoperfusion rather than emboli. In the past, there
has not been a simple technique for the quantitative
assessment of retinal perfusion, which has limited
our ability to accurately diagnose ocular hypoperfu-
sion. Overall, in many patients with carotid stenosis,
the variability of visual symptoms and the infrequen-
cy of the direct fundoscopic identification of embol-
ic debris has led to uncertainty about the relation-
ship of the symptoms to the carotid lesion and the
appropriateness of surgical treatment for their pre-
dictable relief.
Specific noninvasive vascular testing for the diag-
nosis of extracranial carotid occlusive disease actual-
ly began with the assessment of the ocular circula-
tion. The supraorbital Doppler scan examination6
was performed to detect flow reversal in the supra-
orbital artery produced by collateral flow to the oph-
thalmic artery (OA) from the external carotid artery
that resulted from severe stenosis or occlusion of the
internal carotid artery. Ocular pulse detection and
ocular pulse pressure measurements with oculo-
plethysmography (OPG) or oculopneumoplethys-
mography (OPG-Gee) were widely used as indirect
methods for the detection of extracranial carotid
artery occlusive disease and, in some cases, were also
used to measure ocular perfusion or clarify the ori-
gin of ocular symptoms.7,8 Currently, carotid duplex
ultrasound scanning is the most accurate noninva-
sive technique for the diagnosis of extracranial
carotid artery disease, but standard examinations
focus almost solely on the carotid bifurcation and do
not directly examine the ocular circulation. More
recently, it has been recognized that the direct exam-
ination of the ocular vessels can be performed with
color Doppler ultrasound scanning in patients with
severe carotid disease and in those with ocular
ischemic syndromes.9-13
This study used color Doppler duplex ultrasound
scanning to assess the ocular hemodynamics of
patients with significant internal carotid artery
stenoses who were candidates for carotid endarterec-
tomy (CEA). The OA and central retinal artery
(CRA) flow velocities measured before and after
CEA were compared to determine the hemodynam-
ic effect of surgical treatment on ocular blood flow.
The preoperative and postoperative OA and CRA
velocities and flow directions were specifically stud-
ied in patients with visual symptoms and were com-
pared with those results measured in patients with-
out visual symptoms in an attempt to more accu-
rately categorize the origin of ocular symptoms and
their response to surgical treatment. 
METHODS
Twenty-five patients with significant internal
carotid stenoses (>70% with standard carotid duplex
scanning or arteriography) underwent 29 primary
CEAs. There were 16 men and nine women, with a
mean age of 68.9 years. Hypertension that necessi-
tated medication was present in 23 patients (92%),
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Fig 1. Flow velocity waveforms from left (top left) and right (bottom left) opthalmic artery and
left (top right) and right (bottom right) central retinal artery in patient with severe right inter-
nal carotid stenosis. Peak systolic velocities in right opthalmic artery (21.9 cm/s) and central
retinal artery (6.4 cm/s) are significantly reduced.
and four patients (16%) had diabetes mellitus, but
none required insulin. All the patients underwent
standard carotid duplex scanning and color flow
ocular duplex scanning before and after CEA with a
commercially available ultrasound scan unit (HDI
3000, L 7/4 MHz broadband linear transducer,
ATL Ultrasound, Bothell, Wash).
The technique of ocular duplex scanning has
been described in greater detail in our previous
study of healthy volunteers.13 Ocular scanning was
performed on patients in the supine position, with
the transducer applied to the closed eyelid with stan-
dard acoustic gel. Within the globe, the aqueous and
vitreous humors provided excellent acoustic media.
The optic nerve sheath was the major ultrasound
scanning landmark in the orbit for identification of
retrobulbar circulation at a scanning depth of
approximately 2 to 4 cm. The identification of the
OA and CRA was facilitated with the visualized
color flow patterns and their anatomic relationship
to the optic nerve sheath. The OA was identified
adjacent to the optic nerve sheath and crossed the
sheath from temporal to nasal. The CRA was seen in
the center of the optic nerve sheath. Peak systolic
velocity (PSV) was recorded from the OA and the
CRA of each eye, and flow direction was noted. Fig
1 shows the characteristic flow velocity waveforms
that were observed in a patient with unilateral severe
carotid disease and ocular hypoperfusion. The dura-
tion of the examination was 10 to 20 minutes per
eye, and the power levels were maintained in the
range of 30 to 36 mW/cm2 at all times, which was
well below the 100 mW/cm2 safety limit established
by the American Institute of Ultrasound in
Medicine.
All the patients underwent bilateral examina-
tions, but only the velocity measurements from the
eye ipsilateral to the CEA were analyzed in this
study. The postoperative examination was per-
formed within 1 month of the surgery in all cases. A
statistical comparison of the preoperative and post-
operative PSVs (mean ± standard error of the mean)
in the OAs and CRAs was performed for all the
patient groups in this study (with antegrade OA
flow), with either paired or unpaired Student t test.
A P value of .05 or less was considered statistically
significant. The preoperative and postoperative ocu-
lar flow velocities also were compared with norma-
tive values, which had been previously established in
our vascular laboratory.13 The group of patients with
ocular symptoms was analyzed as a separate sub-
group. The mean PSVs in the OAs and CRAs in the
group of patients with visual symptoms was com-
pared with the PSVs in the patients who had no visu-
al symptoms. Eight patients were found by means of
ocular duplex scanning before surgery to have flow
reversal in the OA that indicated collateral flow to
the eye from the external carotid artery. It was rec-
ognized that these “negative” PSV values would cre-
ate erroneous data points in the calculation of mean
values from the entire group or any subgroups, so
these measurements were excluded from statistical
analysis. Postoperative comparison in patients with
OA flow reversal was on the basis of the restoration
of normal, antegrade flow in the OA and the restora-
tion of normal flow velocities.
RESULTS
Visual symptoms were present in 15 of the 29
cases (14 patients) of CEA. In 10 cases, CEA was
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Fig 2. Bar graphs display mean preoperative and postop-
erative peak systolic velocities (PSVs) in opthalmic artery
(OA) and central retinal artery (CRA) for all patients in
this study. Normative values previously established in our
laboratory also are displayed (solid bar). Statistically sig-
nificant increases (*) in peak systolic velocity in opthalmic
artery and central retinal artery were observed after
carotid endarterectomy (CEA).
performed for ocular symptoms alone. Four patients
had visual symptoms that were associated with hemi-
spheric TIAs, and one patient with visual symptoms
had recovered from a recent stroke. Amaurosis fugax
was reported in 13 cases, one patient reported
episodes of blurry vision, and one patient had atypi-
cal flashing lights. Only two of the 15 eyes (13%) in
patients with visual symptoms showed fundoscopic
evidence of retinal embolization. Two patients with
ocular symptoms had severe external carotid artery
stenosis in the presence of internal carotid artery
occlusions and underwent external CEA.
No clinically significant visual symptoms were
reported in 14 cases. Three patients underwent CEA
for recent stroke, and three cases were performed for
hemispheric TIAs alone. Five patients underwent
eight CEAs for asymptomatic severe internal carotid
artery stenosis. Overall, 21 patients underwent uni-
lateral CEA and four patients underwent staged
bilateral endarterectomies. All the patients under-
went successful surgical treatment without neuro-
logic or visual sequelae after surgery.
Study group
Ophthalmic artery. The PSV in the OAs of nor-
mal volunteers who were tested in our vascular labo-
ratory was 37.8 ± 3.4 cm/s.13 The mean preoperative
PSV in the OAs of patients with antegrade flow was
21.6 ± 2.2 cm/s, which was reduced as compared
with normative values. After endarterectomy, the
mean PSV in the OA rose to 38.6 ± 2.5 cm/s, which
was a significant increase as compared with the pre-
operative levels (P < .0001; Fig 2). Reversed flow was
observed in the OA before CEA in eight cases (28%).
These latter cases were all observed to have a return
of normal, antegrade OA flow after endarterectomy.
The postoperative PSV in the OAs of these cases was
36.9 ± 4.8 cm/s, which was not significantly different
from the postoperative values of patients with preop-
erative antegrade ophthalmic flow.
JOURNAL OF VASCULAR SURGERY
668 Cohn et al April 1999
Fig 3. Bar graphs display preoperative mean peak systolic velocities in opthalmic artery (OA)
and central retinal artery (CRA) in patients with eye symptoms as compared with those
patients without eye symptoms. Normative values (solid bar) are displayed for comparison.
Patients with eye symptoms had significantly lower mean peak systolic velocities in central reti-
nal arteries (*).
Central retinal artery. The PSV in the CRAs of
healthy volunteers who were tested in our vascular
laboratory was 10.7 ± 1.7cm/s.13 The mean preop-
erative PSV in the CRAs of patients who underwent
treatment in this study was 7.7 ± 0.7 cm/s, which
was lower than the normative values. After CEA, the
mean PSV in the CRAs was 12.1 ± 0.9 cm/s and was
significantly increased from the preoperative levels
(P = .0008). Flow reversal was never observed in the
CRAs.
Visual symptoms
Ophthalmic artery. The mean preoperative PSV
in the OAs of the 15 cases with ocular symptoms was
20 ± 3.3 cm/s (Fig 3). The preoperative PSV in the
OAs in patients without visual symptoms was 23.6 ±
2.6 cm/s (P = .22, as compared with symptomatic
eyes). The patients with preoperative flow reversal in
the OA were not more likely to have visual symp-
toms than the patients with antegrade OA flow.
Visual symptoms were reported in three of eight
eyes that were observed to have preoperative OA
flow reversal. Overall, 12 of 15 eyes with visual
symptoms had antegrade ophthalmic flow before
surgery.
Central retinal artery. The preoperative mean
PSV in the CRAs in patients with visual symptoms
was 6.5 ± 0.8 cm/s (Fig 2). This was significantly
lower than the PSV in the CRAs of patients without
visual symptoms (9.4 ± 0.9 cm/s; P = .022). The
patients who were observed before surgery to have
reversed flow in the OA (n = 8) had a mean PSV of
the CRA of 8.6 ± 0.43 cm/s, which was not signifi-
cantly different from the mean PSV of the CRA of
eyes with antegrade OA flow (7.7 ± 0.7 cm/s).
The patients with visual symptoms had signifi-
cant postoperative increases in mean OA and CRA
systolic velocities after endarterectomy (OApre, 20 ±
3.3 cm/s; OApost, 34.8 ± 3.2 cm/s; P = .006;
CRApre, 6.5 ± 0.8 cm/s, CRApost, 10.4 ± 0.7 cm/s;
P = .006).
DISCUSSION
A number of different tests have been described
to evaluate orbital and ocular blood flow. These tests
have included pulsatile ocular blood flow,14 laser
Doppler scan velocimetry,15 fluorescein angiography
or fluorescein angiography combined with scanning
laser ophthalmoscopy,16,17 and oculo-oscillody-
namography.18 These techniques are complex and
often costly and have not achieved widespread clini-
cal application. OPG19 and OPG-Gee8 were widely
used for the diagnosis of extracranial carotid disease
but were not used for the direct assessment of ocu-
lar perfusion or the evaluation of visual symptoms.
The use of OPG has been largely abandoned
because duplex ultrasound scanning has provided a
much more accurate diagnosis of carotid disease and
because concern existed about the nonphysiologic
pressures that were applied to the globe with these
indirect examinations.
Diagnostic ultrasound scanning has been used in
ophthalmology for the evaluation of orbital masses
and optic nerve lesions, the detection of retinal
detachments, and the diagnosis of congenital abnor-
malities.20 However, early duplex scanning (B-mode
imaging and Doppler scan spectral analysis) was lim-
ited for vascular diagnosis in ophthalmology because
the small diameter vessels in the eye and orbit could
not be reliably visualized with gray-scale imaging
alone.12 The development of color Doppler duplex
ultrasound scanning allowed more accurate identifi-
cation of the major ocular vessels (eg, OA, CRA,
posterior ciliary) on the basis of their identifiable
anatomic relationships within the orbit, and, thus,
the direct noninvasive measurement of flow direc-
tion and velocity in specific retrobulbar arteries
could be performed.13
Lieb et al21 first reported the use of color
Doppler scan imaging to assess orbital blood flow in
patients with carotid occlusive disease. They
observed a marked reduction in OA and CRA flow
velocities ipsilateral to an ICA occlusion and com-
pared color flow duplex scan findings to fluorescein
angiography, OPG, and conventional arteriography
findings. Hu et al22 compared color Doppler imag-
ing results to OPG and ophthalmodynamometry
results in patients with carotid occlusive disease.
They observed progressive reduction in the PSV of
the OAs and CRAs in patients with progressively
more severe carotid disease and concluded that
duplex scanning was a more accurate diagnostic
technique for the evaluation of ocular blood flow.
Costa et al23 reported significantly lower color
Doppler scan–derived PSVs in the OAs and CRAs in
56 patients with significant carotid artery stenoses as
compared with a normal, age-matched population
without carotid disease. Several other recent studies
have confirmed the association of severe carotid
occlusive disease with reduced ocular blood flow
velocities measured with color flow duplex scan-
ning.24-26 These findings are similar to the findings
in the present study in which preoperative PSVs in
the OAs and CRAs in our patients were lower than
the normative values established in our laboratory.
Several investigators have used color Doppler
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imaging to assess the hemodynamic effects of CEA
on the observed preoperative abnormalities in ocu-
lar blood flow noted previously. Ward et al24 report-
ed two patients with preoperative OA flow reversal,
diagnosed with ocular duplex scanning, who had a
return of normal OA flow after CEA. Riihelainen et
al25 reported a significant increase in mean PSVs in
the OAs and CRAs of 18 consecutive cases after
CEA. Mawn et al26 observed significant postopera-
tive improvement in the PSVs of the OAs and CRAs
in 12 patients who underwent CEA. The findings in
the present study would confirm the beneficial effect
of CEA on ocular blood flow. All eight patients with
OA flow reversal had restoration of antegrade flow
and normal flow velocities after CEA. The entire
study group was observed to have significant post-
operative increases in OA and CRA flow velocities
with a return to the normative range.
The relationship between carotid occlusive dis-
ease and visual symptoms is well known. Transient
monoclular blindness (amaurosis fugax) may occur
as the result of the embolization of atherothrombot-
ic debris from complex atherosclerotic plaque (most
commonly) at the carotid bifurcation. The other
ocular effects of cerebrovascular disease have been
well described27-30 but are far less familiar to most
clinicians. These effects include venous stasis
retinopathy and its sequellae, ischemic oculopathy,
which together are often currently termed ocular
ischemic syndrome (OIS). In these cases, persistent
or progressive global arterial ischemia of the retina
may lead to neovascular glaucoma or retinal infarc-
tion. Symptoms may include ischemic pain over the
orbit, amaurosis fugax, or permanent blindness.
With ocular duplex scanning, Ho et al31 found
markedly reduced PSVs in the OAs and CRAs in 16
eyes of 11 patients with ocular ischemic syndrome
and reversal of OA blood flow in 12 of 16 eyes with
ocular ischemic syndrome. Costa et al23 found that
high-grade carotid stenoses (especially severe bilater-
al lesions) and reversal of flow in the OA were sig-
nificant risk factors for the development of OIS.
These authors speculated that flow reversal in the
OA produced a steal phenomenon from the retinal
circulation to the low pressure intracranial circuit,
which caused a further reduction in the blood flow
to the eye. However, Mawn et al,26 in a study of
ocular duplex scanning in patients with significant
carotid occlusive disease, reported that OA and CRA
flow velocities were not significantly lower in
patients with OIS than in other patients with carotid
disease and that OA flow reversal was not a marker
for ocular ischemic syndrome in their study.
In the present study, eight patients had flow
reversal in the OA observed with color Doppler scan
imaging, but visual symptoms (that could have been
as a result of ocular ischemia) were present in only
three cases. However, in this study, the patients with
visual symptoms had significantly lower PSVs in the
CRAs than did patients without visual symptoms
with severe carotid stenosis. The patients with OA
flow reversal did not have significantly lower CRA
velocities than did those with antegrade OA flow.
These findings would suggest that OA flow reversal
alone is merely a sign of the dominant pathway of
collateralization in the presence of severe carotid
occlusive disease. Because it is an “end artery,” sig-
nificant or progressive reduction in CRA flow may
be a more sensitive marker for ocular ischemia and
more predictive regarding the pathophysiologic
mechanism of ocular symptoms in patients with
carotid disease.
Color Doppler scan imaging is a rapid noninva-
sive method for the evaluation of the hemodynamics
of orbital blood flow. It can be easily and safely per-
formed at the time of routine carotid artery duplex
scanning when clinically indicated. This study would
suggest that many patients with severe carotid steno-
sis have reduced flow velocities in the OAs and
CRAs. Successful CEA was associated with a signifi-
cant, measurable improvement in ocular perfusion in
our patients, with a return to normative levels of OA
and CRA velocities. The patients in this study with
ocular symptoms had lower OA velocities and sig-
nificantly lower PSVs in the CRAs than did patients
without visual symptoms. It is clear that many (and
perhaps even most) patients with carotid stenosis
and symptoms of amaurosis fugax (or other visual
symptoms) do not have retinal embolism but do
have global ocular ischemia. It is also clear that per-
sistent severe ocular ischemia is not benign and is
associated with the progression to permanent visual
loss. Ocular duplex scanning may help to further
clarify the origin of visual symptoms in patients with
extracranial carotid disease and allow selection of
patients who might benefit from surgical treatment.
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